An actinomycete strain, designated strain SH2-13 T , was isolated from a marine sediment sample collected from the Andaman Sea of Thailand. Applying a polyphasic approach, the isolate was identified as a member of the genus Micromonospora using morphological and chemotaxonomic characteristics, including the presence of meso-diaminopimelic acid in the peptidoglycan. Wholecell sugars were arabinose, galactose, glucose, rhamnose, ribose and xylose. Diagnostic polar lipids were phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannosides and phosphoglycolipids. The major menaquinones were MK-10(H 2 ), MK-10(H 4 ) and 
, was isolated from a marine sediment sample collected from the Andaman Sea of Thailand. Applying a polyphasic approach, the isolate was identified as a member of the genus Micromonospora using morphological and chemotaxonomic characteristics, including the presence of meso-diaminopimelic acid in the peptidoglycan. Wholecell sugars were arabinose, galactose, glucose, rhamnose, ribose and xylose. Diagnostic polar lipids were phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannosides and phosphoglycolipids. The major menaquinones were MK-10(H 2 ), MK-10(H 4 ) and ). 16S rRNA gene sequence analysis revealed similarity to Micromonospora marina JSM1-1 T (99.1 %), Micromonospora coxensis 2-30-b (28) T (99.1 %), Micromonospora aurantiaca DSM 43813 T (98.8 %) and Micromonospora chalcea DSM 43026 T (98.7 %). However, a combination of DNA-DNA hybridization results and phenotypic properties indicated that strain SH2-13 T (5NBRC 107934
T 5BCC 45601 T ) should be classified as the type strain of a novel species, with the proposed name Micromonospora sediminicola sp. nov.
The genus Micromonospora was proposed by Orskov (1923) , and is the type genus of the family Micromonosporaceae (Zhi et al., 2009) . Members of this genus typically exhibit single, non-motile spores directly on the substrate mycelium, which does not fragment, and also do not produce aerial mycelium (Kawamoto, 1989) . Micromonosporae are widely distributed in different environments such as peat swamp forest soil (Thawai et al., 2005) , water samples (Trujillo et al., 2005) , root nodules (Trujillo et al., 2006) , marine sediment (Ara & Kudo, 2007) , plant tissues (Kirby & Meyers, 2010) , sea sand (Tanasupawat et al., 2010) and marine sponge (Limin et al., 2012) . In this paper, we describe the isolation and taxonomic characterization of a novel strain, SH2-13 T , which was isolated from marine sediment in the Andaman Sea of Thailand. Strain SH2-13 T was isolated from marine sediment collected in the Andaman Sea, Krabi province, Thailand. The strain was isolated using starch-casein nitrate agar containing 10 g soluble starch, 1 g sodium caseinate (Difco), 2 g KNO 3 , 0.5 g KH 2 PO 4 , 0.5 g MgSO 4 and 18 g agar in 1 l seawater, pH 7.8-8.3. The isolation plate was incubated at 30 u C for 21 days. An actinomycete isolate was purified on ISP2 medium modified with seawater instead of distilled water. For cell and colony morphology studies, strain SH2-13 T was grown on soil extract agar supplemented with seawater for 21 days at 30 u C and observed using light microscopy and scanning electron microscopy (JSM-5410 LV; JEOL). Samples for scanning electron microscopy were prepared as described previously by Itoh et al. (1989) .
Cultural characteristics were determined using 14-day cultures grown at 30 u C on ISP agar media, as described by Shirling & Gottlieb (1966) . The National Bureau of Standards/Inter Society Color Council (NBS/IBCC) colour system was used for determining colour designations (Kelly, 1964) . The decomposition of various compounds and acid production from carbon sources were examined using the basal medium recommended by Gordon et al. (1974) . Tolerance of NaCl and the effect of temperature and pH on growth were determined on ISP2 agar. Gelatin liquefaction, peptonisation of milk, nitrate reduction and starch hydrolysis were determined through cultivation on various media as described by Arai (1975) and Williams & Cross (1971) .
For chemotaxonomic analyses freeze-dried cells were obtained from cultures grown in ISP2 broth on a rotary shaker (200 r.p.m.) at 30 u C for 4 days. Cell-wall peptidoglycan was prepared and hydrolysed as described by Kawamoto et al. (1981) . The isomer of diaminopimelic acid in the cell wall was determined by the method of Staneck & Roberts (1974) . The acyl group of muramic acid in the peptidoglycan was determined by the method of Uchida & Aida (1984) . The whole-cell hydrolysate sugars were analysed by the cellulose TLC method of Komagata & Suzuki (1987) . Phospholipids in cells were extracted and analysed by the method of Minnikin et al. (1984) . Fatty acid methyl ester analysis was performed by GLC according to the instructions of the Microbial Identification System (MIDI) Sherlock version 6.0 (Sasser, 1990; Kämpfer & Kroppenstedt, 1996) with the ACTIN1 MIDI database. Isoprenoid quinones were extracted by the method of Collins et al. (1977) and analysed by reverse phase LC-MS employing UV detection and electrospray ionization-mass spectrometry (ESI-MS). The LC solvent system was methanol/2-propanol (2 : 1, v/v) at a flow rate of 0.6 ml min
21
. Genomic DNA was isolated from cells grown in ISP2 broth according to the method of Tamaoka (1994) . The G+C content of the DNA was determined using the HPLC method of Tamaoka & Komagata (1984) . An equimolar mixture of nucleotides for analysis of the DNA base composition (Yamasa Shoyu) was used as the quantitative standard. DNA-DNA hybridization was conducted in microdilution-well plates, as reported by Ezaki et al. (1989) . DNA-DNA relatedness values (%) were determined by using the colorimetric method (Verlander, 1992) . PCR-mediated amplification of the 16S rRNA gene was performed as described by Suriyachadkun et al. (2009) and the PCR products were sequenced (Macrogen) using universal primers (Lane, 1991) . The 16S rRNA gene sequence was aligned with selected sequences obtained from the GenBank/EMBL/DDBJ databases by using CLUSTAL W version 1.81 (Thompson et al., 1994) . The alignment was manually verified and adjusted prior to the construction of a phylogenetic tree. The phylogenetic tree was constructed by using the neighbour-joining method (Saitou & Nei, 1987) with genetic distances computed by using Kimura's two-parameter model (Kimura, 1980) ,and the maximum-parsimony (Fitch, 1972) and maximumlikelihood (Felsenstein, 1981) methods in MEGA 5 software (Tamura et al., 2011) . The confidence values of branches of the phylogenetic tree were determined using bootstrap analyses (Felsenstein, 1985) based on 1000 resamplings. The values for sequence similarity to all recognized species of the genus Micromonospora were first determined using the EzTaxon-e database (Kim et al., 2012) . 16S rRNA gene sequence similarities among strain SH2-13 T and closely related species were calculated manually after pairwise alignments were obtained using the CLUSTAL_X program (Thompson et al., 1997) .
Strain SH2-13
T formed well-developed and branched substrate mycelium on ISP2 medium, but did not form aerial mycelium. Spherical to oval spores were borne singly from the substrate mycelium, and the spore surface appeared rough (Fig. 1) . The strain grew well on ISP2 medium and produced deep brown soluble pigments. Moderate growth was observed on ISP6 medium. The cultural characteristics are presented in Table S1 available in IJSEM Online. Micromonospora sediminicola sp. nov.
Strain SH2-13 T exhibited a range of phenotypic and chemotaxonomic properties that were consistent with classification in the genus Micromonospora (Kawamoto, 1989) . Strain SH2-13 T contained meso-diaminopimelic acid in the cell wall. The acyl type of the cell wall in the peptidoglycan was determined to be the glycolyl type. The Micromonospora marina JSM1-1 T (AB196712)
Micromonospora aurantiaca DSM 43813 T (X92604)
Micromonospora eburnea LK2-10 T (AB107231)
Micromonospora narathiwatensis BTG4-1 T (AB193559)
Micromonosporasagamiensis DSM 43912 T (X92624)
Micromonospora inyonensis DSM 46123 T (X92629)
Micromonospora echinospora ATCC 15837 T (U58532)
Micromonospora tulbaghiae TVU1 T (EU196562)

Micromonospora rosaria DSM 803 T (X92631)
Micromonospora inositola DSM 43819 T (X92610)
Micromonosporafulviviridis DSM 43906 T (X92620)
Micromonospora chersina DSM 44151 T (X92628)
Micromonospora endolithica DSM 44398 T (AJ560635)
Micromonospora coriariae NAR01 T (AJ784008)
Micromonospora cremea DSM 45599 T (FN658654)
Micromonospora echinofusca DSM 43913 T (X92625)
Micromonospora peucetia DSM 43363 T (X92603)
Micromonospora citrea DSM 43903 T (X92617)
Micromonospora chaiyaphumensis MC5-1 T (AB196710)
Micromonospora auratinigra TT1-11 T (AB159779)
Micromonospora nigra DSM 43818 T (X92609)
Micromonospora pallida DSM 43817 T (X92608)
Micromonospora echinaurantiaca DSM 43904 T (X92618)
Micromonospora viridifaciens DSM 43909 T (X92623)
Micromonospora coerulea DSM 43143 T (X92598)
Micromonosporayangpuensis FX 6.011 T (GU002071)
Micromonospora rhizosphaerae 211018 T (FJ261956)
Micromonospora olivasterospora DSM 43868 T (X92613)
Micromonospora pattaloongensis TJ2-2 T (AB275607)
Micromonospora pisi GUI 15 T (AM944497)
Salinispora arenicola CNH-643 T (AY040619)
Salinispora tropica CNB-440 T (CP000667)
Verrucosispora qiuiae RtIII47 T (EU427445)
Verrucosispora gifhornensis DSM 44337 T (Y15523)
Verrucosisporasediminis MS426 whole-cell sugars detected were arabinose, galactose, glucose, rhamnose, ribose and xylose. The polar lipid profile comprised phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannosides, phosphoglycolipids, four unidentified phospholipids and two unidentified polar lipids (Fig. S1. ). Significant cellular fatty acids were iso-C 15 : 0 (27.7 %), iso-C 16 : 0 (14.3 %), iso-C 17 : 1 v9c (12.8 %), C 17 : 1 v8c (8.9 %), iso-C 17 : 0 (7.6 %), anteiso-C 17 : 0 (6.9 %), anteiso-C 15 : 0 (6.2 %) and C 17 : 0 (4.7 %) ( Table S2 ). The menaquinones of strain SH2-13 T included MK-10(H 2 ) (27.9 %), MK-10(H 4 ) (37.1 %), MK-10(H 6 ) (24.7 %), MK-10(H 0 ) (1.1 %), MK-9(H 2 ) (2.7 %), MK-9(H 4 ) (4.6 %) and MK-9(H 6 ) (1.9 %). The G+C content of the DNA was 74.8 mol%.
An almost-complete 16S rRNA gene sequence (1416 nt) was obtained for strain T and was compared with those deposited in the public databases. The highest levels of 16S rRNA gene sequence similarity were with Micromonospora marina JSM1-1 T (99.1 %), Micromonospora coxensis 2-30-b (28) T (99.1 %), Micromonospora aurantiaca DSM 43813 T (98.8 %) and Micromonospora chalcea DSM 43026 T (98.7 %). The phylogenetic relationship of strain SH2-13 T based on the neighbour-joining method showed that the novel isolate formed a distinct phyletic line related to recognized species of the genus Micromonospora and other members of the family Micromonosporaceae (Fig. 2) . The characteristics shown in Table 1 , clearly indicate that strain SH2-13 T showed some different physiological and biochemical characteristics compared with the related species of the genus Micromonospora, and could be distinguished from these related species on the basis of acid production from cellobiose, D-fructose, D-galactose, melibiose, raffinose, D-xylose and L-arabinose, nitrate reduction, growth at pH 5 and 45 u C and hydrolysis of starch. DNA-DNA relatedness values between strain SH2-13 T and the closely related strains M. marina JSM1-1 T , M. coxensis 2-30-b (28) T , M. aurantiaca JCM 10878 T and M. chalcea JCM 3031 T ranged from 10.7±0.9 to 32.1±1.4, which is well below the 70 % cut-off point recommended for the assignment of bacterial strains to the same genomic species (Wayne et al., 1987) (Table S3) . Furthermore, in this study we found that strain SH2-13 T did not contain mannose in cell hydrolysates while the two closest relatives, M. marina JCM 12870
T (Tanasupawat et al., 2010) and M. coxensis 2-30-b (28) T (Ara & Kudo., 2007) , did contain mannose in their cell hydrolysates. It is evident from the phenotypic, chemotypic and genotypic data presented above that strain T is distinguishable from previously described species of the genus Micromonospora. Therefore, strain SH2-13
T represents a novel species of the genus Micromonospora, for which we propose the name Micromonospora sediminicola sp. nov.
Description of Micromonospora sediminicola sp. nov.
Micromonospora sediminicola [se.di.mi.ni9co.la. L. n. sedimen -inis sediment; L. suff. -cola (from L. n. incola) inhabitant, dweller; N.L. n. sediminicola sediment-dweller, pertaining to the sea sediment from which the type strain was isolated].
An aerobic, Gram-stain-positive, mesophilic actinomycete that produces well-developed and extensively branched substrate hyphae. Aerial mycelium is not formed. The colour of the vegetative mycelium on ISP2 medium is deep brown. A deep brown soluble pigment is produced on ISP2 medium. Spores are spherical to oval, appear to be rough and were borne singly from the substrate mycelium. Nitrate reduction is negative. Starch hydrolysis, gelatin liquefaction and milk peptonisation are positive. Produces Fig. 2 . Neighbour-joining tree (Saitou & Nei, 1987) acid from cellobiose, D-galactose, D-fructose, melibiose, raffinose and D-xylose. Grows at 20-40 u C (optimum, 25-37 u C) and at pH 6-12. The optimum NaCl concentration for growth is 3 %. The maximum NaCl concentration for growth is 4 %. The cell-wall peptidoglycan contains mesodiaminopimelic acid. The acyl type of the cell-wall muramic acid is glycolyl. The phospholipid profile comprises phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannosides, phosphoglycolipids, unidentified phospholipids and unidentified polar lipids. The predominant menaquinones are MK-10(H 2 ), MK-10(H 4 ) and MK-10(H 6 ). The whole-cell sugars are arabinose, galactose, glucose, rhamnose, ribose and xylose. The fatty acid pattern consists of iso-C 15 : 0 , iso-C 16 : 0 , iso-C 17 : 1 v9c, C 17 : 1 v8c, iso-C 17 : 0 , anteiso-C 17 : 0 , anteiso-C 15 : 0 and C 17 : 0 .
The type strain, SH2-13 T (5NBRC 107934 T 5BCC 45601 T ) was isolated from a marine sediment sample collected from the Andaman Sea, Krabi province, Thailand. The DNA G+C content of type strain is 74.8 mol%.
